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(54) Structure of gas sensor 

(57) A gas sensor is provided which includes a first 
cylindricat insulation porcelain having a gas sensor ele- 
ment installed therein and a second cylindrical Insula- 
tion porcelain disposed In contact with the first insulation 
porcelain. Xb^ firxsi; iq <^iiiatiop pnrrQlaiq is disposed on 
a seat surface fonmed on an Inner wall of a housing 
through a packing ring. A contact between the first and 
second insulation porcelains b eing located within a con- 
tact permissible range defined by projecting outer and 
inner edges of the packing ring onto an end surface of 
the first insulation porcelain, thereby minimizing a lateral 
shift between the contact and the packing ring to avoid 
the breakage of the first insulation porcelain during as- 
sembly or use of the gas sensor. 
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Des ription 

BACKGROUND OF THE INVENTION 

1 Technical Field of the Invention 

[0001] The present invention relates generally to an 
improvement on a gas sensor which may be employed 
in an oxygen measuring device of an air-fuel ratio control 
system measuring an oxygen content in exhaust gasses 
of an internal combustion engine of automotive vehicles. 

2 Background Art 

[0002] For buming control of fuel in internal combus- 
tion engines, modern automotive vehicles use a gas 
sensor, e.g., an oxygen sensor which is installed in an 
xhaust system to measure the concentration of oxygen 
in exhaust gasses. A typical gas sensor of such a type 
includes a first insulation porcelain which is installed in 
a cylindrical housing and has disposed therein a sensing 
element and a second insulation porcelain abutting on 
the first insulation porcelain in alignment with the longi- 
tudinal center line of the housing. The first insulation por- 
celain rests on an annular step fomied on an inner wall 
of the cylindrical housing through a packing ring. The 
secondjnsulation porcelain is arrang ed in contact of an 
end with an end of the first insulation porcelain. 
[0003] Usually, insulation porcelains are made of an 
insulating ceramic jTiaterial. The ceramic is resistive to 
compression, but weak in tension. The ceramic is also 
subject to themnal expansion and shrinkage during bak- 
ing, which may result in formation of waves on the sur- 
face thereof. This will cause a contact area between the 
ends of the first and second porcelai ns to be sh ifted lat- 
erally fromihe.packingjjngjhereby producing a Bend- 
ing stress (i.e., tensile stress) acting on the first insula- 
tion porcelain, which, in the worst case, leads to break- 
age of the first insulation porcelain. 
[0004] For avoiding the above problem, Japanese 
Patent First Publication No. 11-242013 teaches a cush- 
ion which is disposed between the first and second in- 
sulation porcelains, however, this will result in increases 
in production process and cost. 

SUMMARY OF THE INVENTION 

[0005] It is therefore a principal object of the invention 

to avoid the disadvantages of the prior art. 

[0006] It is another object of the invention to provide 

a gas sensor designed to minimize the breakage of an 

insulation porcelain during assembly and use of the gas 

sensor. 

[0007] According to one aspect of the invention, there 
is provided a gas sensor which comprises: (a) a hollow 
cylindrical housing having a given length, the housing 
having a seat surface formed on an inner wall thereof: 
(b) a first insulation porcelain having a gas sensor el - 



ment install d therein, th first insulation pore lain being 
disposed on the seat surface of the housing through a 
packing ring; and (c) a second insulation porcelain dis- 
pos d in contact of an nd surfac th reof with an end 

5 surfac of the first insulation pone lain, a contact b - 
tween the first and second insulation pore lains being 
located within a contact permissible range defined by 
projecting outer and inner edges of the packing ring onto 
the end surface of the first insulation porcelain. 

10 [0008] In the preferred mode of the invention, one of 
the first and second insulation porcelains has a protru- 
sion fonned on the end surface thereof to establish the 
contact between the first and second insulation porce- 
lains. 

15 [0009] One of the first and second insulation porce- 
lains may have at least one ridge formed on the end sur- 
face thereof to establish line contact between the first 
and second insulation porcelains. 
[001 0] The contact pennissible range may be defined 

20 by a width of the packing ring within an area ranging 
over an interval of the width of the packing ring from a 
center line middle between outemriost and innemiost 
edges of the_packingjij2gji2ai^ direction of the 
gas sensor and an interval of the'width of the packing 

25 ring from the center line in an outward direction of the 
gas sensor. 

[0011] According to the second aspect of the inven- 
tion, there is provided a gas sensor which comprises: 
(a) a hollow cylindrical housing having a given length, 

30 the housing having a seat surface formed on an inner 
wall thereof: (b) a first insulation porcelain having a gas 
sensor element installed therein, the first insulation por- 
celain being disposed on the seat surface of the housing 
through a packing ring; and (c) a second insulation por- 

35 celain disposed at an end surface thereof on an end sur- 
face of the first insulation porcelain at two contacts, a 
middle between the contacts being located within a con- 
tact pennissible range defined by projecting outer and 
inner edges of the packing ring onto the end surface of 

40 the first insulation porcelains, 

[0012] In the preferred mode of the invention, the con- 
tact pennissible range may be defined by a width of the 
packing ring within an area ranging over an interval of 
the width of the packing ring from a center line middle 

45 between outemriost and innemiost edges of the packing 
ring in an inward direction of the gas sensor and an in- 
terval of the width of the packing ring from the center 
line in an outward direction of the gas sensor. 

50 BRIEF DESPCRIPTION OF THE DRAWINGS 

[0013] The present invention wilt be understood more 
fully from the detailed description given hereinbelow and 
from the accompanying drawings of the preferred em- 
55 bodiments of th invention, which, however, should not 
be taken to limit the invention to the specific embodi- 
ments but are for the purpose of explanation and under- 
standing only. 
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[0014] In the drawings: 

Fig. 1 is a vertical cross sectional view which shows 
a gas sensor according to the first embodim nt of 
th inv ntion; 5 
Fig. 2 Is a partial enlarged view which shows ar- 
rangennent of first and second porcelains; 
Fig. 3 is a lateral sectional view which shows the 
location of a line contact between first and second 
porcelains; 

Fig. 4 is a partial enlarged view which shows a mod- 
ification of the first ennbodiment; 
Fig. 5 is a partial enlarged view which shows ar- 
rangement of first and second porcelains according 
to the second embodiment of the invention; 
Fig. 6 is a partial lateral view which shows the loca- 
tion of line contacts between first and second por- 
celains; 

Fig. 7(a) is a partial enlarged view which shows ar- 
rangement of first and second porcelains according 
to the third embodiment of the invention; 
Fig. 7(b) is a partial sectional view which shows a 
configuration of an end portion of a first porcelain; 
and 

Fig. 8 is a partial vertical sectional view which shows 
a gas sensor according to the fourth embodiment 
of the invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0015] Referring to the drawings, wherein like refer- 
ence numbers refer to like parts in several views, par- 
ticularly to Fig. 1 , there is shown a gas sensor 1 accord- 
ing to the first embodiment of the invention which may 
be employed in an air-fuel ratio control system for auto- 
motive vehicles. Note that the present invention may be 
used with a variety of gas sensors such as O2, HC, CO, 
and NOx sensors. 

[0016] The gas sensor 1 generally includes a hollow 
cylindrical housing 1 0, a sensor element 1 5. a first insu- 
lation 1 1 , and a second insulation porcelain 12. The first 
and second insulation porcelains 11 and 12 are made 
of a ceramic material. The first insulation porcelain 11 
retains therein the sensor element 15 and is installed 
within the housing 10 with a flange, as shown in Fig. 2, 
resting on an annular seat surface 100 fonned on an 
inner wait 101 of the housing 10 through a packing ring 
102. The second insulation porcelain 12 is disposed di- 
rectly on a base end 11 0 of the first insulation porcelain 
11 in line contact therewith. 

[0017] The line contact 1 3 is, as cleariy shown in Figs. 
2 and 3, located within a range l/U defined by projecting 
an outemnost edge A and an innemnost edge B of the 
packing ring 102 in a longitudinal direction G of the gas 
sensor 1 . 

[0018] The gas sensor 1 also includes an outer cover 
1 71 , an outer protective cover 161, and an inner protec- 



tive cover 1 62. The outer cover 1 71 is fitted on the hous- 
ing 10 to cover the second insulation porcelain 12. Th 
outer and inner protective covers 1 61 and 1 62 ar In- 
stalled on a head of the housing 10 and have formed 
ther in a plurality of holes 160 through which a gas to 
be measur d passes. 

[0019] The first insulation porcelain 11 has, as de- 
scribed above, the annular seat surface 100 fomned on 
the inner wall 101 . The seat surface 100 is, as cleariy 
shown in Fig. 2, oriented upward, as viewed in the draw- 
ing, in a longitudinal direction G of the gas sensor 1 and 
slightly inclined downward. The packing ring 102 made 
of a metallic plate is disposed on the seat surface 1 00. 
The first insulation porcelain 1 1 rests at a shoulder 1 1 7 
on the packing ring 102. 

[0020] The sensor element 1 5 is inserted into the first 
insulation porcelain 1 1 . The sensor element 15 is made 
of a laminated plate such as one taught in U.S. P. No. 
5,57 3,650, issued November 12, 1 996 to Fukaya et al., 
■Qisclosure of which is incorporated herein by reference. 
A glass seal 150, as shown in Fig. 1 is fitted within the 
tirst insulation porcelain 11 to establish an airtight seal 
between the sensor element 15 and the Jnner surface 
of the first insulation porcelain 11 . 
[0021] The first insulation porcelain 11 is made of a 
ceramic cylinder having a circular horizontal cross sec- 
tion and has a large-diameter portion 115 and a small- 
diameter portion 116. The large-diameter portion 115 
and the small-diameter portion 116 fonm therebetween 
the shoulder 117 which is, as described above, seated 
at the seat suriace 1 00 of the housing 1 0. 
[0022] The second insulation porcelain 12 is, as de- 
scribed above, disposed within the outer cover 171 on 
the base surface 1 1 0 of the first insulation porcelain 1 1 , 
A disc spring 125 is Installed between an inner surface 
of a shoulder 1 70 of the outer cover 1 71 and the end of 
the second insulation porcelain 1 2 to elastically urge the 
second Insulation porcelain 12 against the first insula- 
tion porcelain 11. 

[0023] The base end 11 0 of the tirst insulation porce- 
lain 11 , as clearly shown in Fig. 2, has an annular ridge 
1 1 9 which fomns the line contact 1 3 with the flat end sur- 
face 127 of the second insulation porcelain 12. The line 
contact 13 between the tirst and second insulation por- 
celains 11 and 13, as described above, lies within the 
range W. Instead of the annular ridge 119, an annular 
protrusion having a flat surface may alternatively be 
formed on the base end 1 1 0 to establish surface contact 
with the end surface 127 of the second insulation por- 
celain 12 within the range W. The line contact 13 and 
the surface contact are not limited to the annular con- 
figuration. For instance, a plurality of protmsions may 
be fomned on either of the base end 110 of the first in- 
sulation porcelain 1 1 and the end surface 1 27 of the sec- 
ond Insulation porcelain 12 to stablish discrete points 
or surface contacts within the range W. This holds Vrue 
of following embodiments as discussed later. 
[0024] The operation and effects of this embodiment 
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will be described below. 

[0025] The location of the line contact 13 of the first 
and second insulation porcelains 11 and 12 within the 
rang IVserves to avoid a lateral shift betw enth line 
contact 13 and the packing ring 102 on which the first 
insulation pore lain 11 is held. This results in an de- 
crease in bending stress acting on the first insulation 
porcelain 11, thereby minimizing the breakage of the 
first Insulation porcelain 11 caused by undesirable im- 
pact during assembly or use of the gas sensor 1 . 
[0026] The first insulation porcelain 1 1 has, as shown 
In Fig, 2, the annular ridge 119 formed on the base end 
110, however, may alternatively have, as shown in Fig. 
4, the base end 110 flat, while the second porcelain 12 
may have a similar ridge 1 29 fonned on the end surface 
127. 

[0027] The contact pemnissible range W need not al- 
ways be located exactly above the packing ring 1 02, as 
shown in Fig. 2, and may be defined Inwardly or out- 
wardly of the center circle YO middle between the out- 
ennost edge A and the innemnost edge B of the packing 
ring 102 If the width of the packing ring 102 is defined 
as y, the range l/Vmay be defined within an interval of 
1 .0 /from the central circle YO in the Inward or outward 
direction of the gas sensor 1 . The same applies to the 
following embodiments. 

[0028] Figs. 5 and 6 show the second embodiment of 
the gas sensor 1 . 

[0029] The second insulation porcelain 1 2 has the flat 
end surface 120. The first insulation porcelain 11 has 
two annular ridges formed coaxially on the base end 1 1 0 
to define, as shown in Fig. 6, line contacts 131 and 132 
between the first and second insulation porcelains 11 
and 12. The middle C between the first and second line 
contacts 131 and 132 lies within the range W, 
[0030] The width of the packing ring 1 02 is smaller 
than that of the seat surface 1 00. The contact pemnissi- 
ble range IVis defined, like the first embodiment, by pro- 
jecting the outemriost edge A and the innemnost edge B 
of the packing ring 102 in the longitudinal direction G of 
the gas sensor 1 . The annular line contacts 1 31 and 1 32 
are located outside the range IV, while the middle C lies 
within the range W. This avoids, like the first embodi- 
ment, a lateral shift between the packing ring 102 on 
which the first insulation porcelain 11 is held and the line 
contacts 131 and 132 This results In an decrease in 
bending stress acting on the first insulation porcelain 1 1 , 
thereby minimizing the breakage of the first insulation 
porcelain 11 caused by undesirable impact during as- 
sembly or use of the gas sensor 1 . 
[0031] Figs. 7(a) and 7(b) show the third embodiment 
of the gas sensor 1 . 

[0032] The packing ring 1 02 has an inner diameter R 1 
of 12mm and an outer diameter R2of 14.5mm. The an- 
nular line contact 13 has a diameter of 13mm and lies 
within the range W defined, like the above embodi- 
ments, by projecting the outermost and innermost edg- 
es of the packing ring 1 02 along th longitudinal center 



line of the gas sensor 1 . 

[0033] The fist insulation porcelain 1 1 has the annular 
ridge 119 which is defined by a peripheral edge of the 
base surfac 1 1 0. Sp crfically, the first insulation porce- 
5 lain 11 has, as shown in Fig. 7(b), ac ntral flat surface 
22 extending substantially p rpendicular to the longitu- 
dinal center line of the gas sensor 1 and a slant periph- 
eral surface 21 fomned outside of the central flat surface 
22 inclined at an angle a of approximately 1 0** to the flat 
10 surface 22, thereby defining the annular ridge 119. The 
height HI of the slant peripheral surface 21 , i.e., the dis- 
tance between the outer edge of the slant peripheral sur- 
face 21 and the outer edge of the central flat surface 22 
is approximately 0.13mm. In this embodiment, the con- 
's tact permissible range tVmay be defined within an in- 
terval of 1 .Oy, as indbated by S, from the central circle 
yo middle between the outermost and innemnost edges 
of the packing ring 102. 

[0034] Fig. 8 shows the fourth embodiment of the gas 
20 sensor 1 . 

[0035] The packing ring 1 02 need not be disposed be- 
tween the shoulder 117 of the second insulation porce- 
lain 12 and the seat surface 100 of the first insulation 
porcelain 11 and may be installed, as shown in Fig. 8, 
25 between a seat surface 21 0 fonned on the inner wall of 
the housing 1 0 and an edge 21 6 of the head of the first 
insulation porcelain 11. The contact pemnissible range 
Wis, similar to the above embodiments, defined by out- 
ermost and innemnost edges of the packing ring 1 02. 
30 [0036] While the present invention has been dis- 
closed in terms of the prefen'ed embodiments in order 
to facilitate better understanding thereof, it should be ap- 
preciated that the invention can be embodied in various 
ways without departing from the principle of the inven- 
ts tion. Therefore, the invention should be understood to 
include all possible embodiments arid modifications to 
the shown embodiments witch can be embodied without 
departing from the principle of the invention as set forth 
in the appended clainns. 
40 [0037] A gas sensor Is provided which includes a first 
cylindrical insulation porcelain having a gas sensor ele- 
ment installed therein and a second cylindrical insula- 
tion porcelain disposed In contact with the first insulation 
porcelain. The first insulation porcelain Is disposed on 
45 a seat surface fomned on an inner wail of a housing 
through a packing ring. A contact between the first and 
second Insulation porcelains being located within a con- 
tact permissible range defined by projecting outer and 
inner edges of the packing ring onto an end surface of 
50 the first insulation porcelain, thereby minimizing a lateral 
shift between the contact and the packing ring to avoid 
the breakage of the first insulation porcelain during as- 
sembly or use of the gas sensor. 



55 

Claims 

1. Agass nsor comprising: 
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a hollow cyllndrjcal housing having a given 
length, said housing having a seat surface fomried 
on an inner wall thereof: 

a first insulation porcelain having a gas sensor 
element Installed therein, said first insulation 
porcelain being disposed on the seat surface of 
said housing through a packing ring; and 
a second insulation porcelain disposed in con- 
tact of an end surface thereof with an end sur- 
face of the first insulation porcelain, a contact 
between said first and second insulation porce- 
lains being located within a contact pemnisslble 
range defined by projecting outer and inner 
edges of the packing ring onto the end surface 
of said first insulation porcelain. 

2. A gas sensor as set forth in claim 1 , wherein one of 
the first and second insulation porcelains has a pro- 
trusion formed on the end surface thereof to estab- 
lish the contact between said first and second insu- 
lation porcelains. 

3. A gas sensor as set forth in claim 1 , wherein one of 
the first and second insulation porcelains has at 
least one ridge fomned on the end surface thereof 
to establish line contact between said first and sec- 
ond insulation porcelains. 

4. A gas sensor as set forth in claim 1 , wherein the 
contact pemnisslble range is defined by a width of 
the packing ring within an area ranging over an in- 
terval of the width of the packing ring from a center 
line middle between outermost and innemost edg- 
es of the packing ring in an inward direction of the 
gas sensor and an interval of the width of the pack- 
ing ring from the center line in an outward direction 
of the gas sensor. 

5. A gas sensor comprising: 

a hollow cylindrk^al housing having a given 
length, said housing having a seat surface fornied 
on an inner wall thereof: 

a first insulation porcelain having a gas sensor 
element installed therein, said first insulation 
porcelain being disposed on the seat surface of 
said housing through a packing ring; and 
a second insulation porcelain disposed at an 
end surface thereof on an end surface of the 
first insulation porcelain at two contacts, a mid- 
dle between the contacts being located within 
a contact pemnissible range defined by project- 
ing outer and inner edges of the packing ring 
onto the end surface of said first insulation por- 
celains. 

6. A gas s nsor as set forth in claim 5, wherein th 



contact p nnisslbl range is d fined by a width of 
the packing ring within an area ranging over an in- 
terval of the width of the packing ring from a center 
line middle between out mriost and innermost edg- 
5 s of th packing ring in an inward direction of th 

gas sensor and an interval of th width of th pack- 
ing ring from the center line in an outward direction 
of the gas sensor. 
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